Purpose-To examine the efficacy of a sequential tube shunt versus transscleral diode cyclophotocoagulation following failure of an initial tube shunt on maximal medical therapy in treatment of refractory childhood glaucoma.
Introduction
Treatment of glaucoma in the pediatric population is frequently challenging and may require multiple surgical interventions. Ten to fifty percent of patients with primary congenital glaucoma fail goniotomy surgery and require further surgical intervention. 1, 2 Childhood glaucoma associated with systemic or ocular anomalies and secondary glaucoma such as that associated with congenital aphakia or pseudophakia have a worse surgical prognosis compared to primary congenital glaucoma. 2, 3 Trabeculectomy surgery with adjunctive mitomycin has a lower chance of successful control of children less than two years of age and in children who have had congenital cataract surgery. 4, 5 Additionally, compared to adults, the adjunctive use of anti-fibrotic agents with trabeculectomy in children may be associated with a greater risk of late bleb-related infections. [6] [7] [8] Due to these factors, an increasing number of tube shunts are being used for control of various pediatric glaucomas with success rates of 50%-90%, depending on length of follow-up and definition of success. 4, [9] [10] [11] [12] When a tube shunt fails to adequately control the intraocular pressure, limited treatment options remain. These options include a sequential tube shunt in another quadrant of the eye, [13] [14] revision or replacement of the existing tube shunt, [14] [15] [16] or a cyclodestructive procedure (usually transscleral or endoscopic diode cyclophotocoagulation or cyclocryotherapy). [17] [18] [19] [20] [21] [22] Both tube shunts and transscleral diode cyclophotocoagulation have been examined for treatment of refractory pediatric glaucoma, but we are unaware of any studies comparing these two treatments following primary tube shunt failure. Sequential tubes shunt procedures have been noted to have a success rate of 62%-63% in adult patients with glaucoma, with corneal decompensation commonly noted. 13, 14 Transscleral diode laser cyclophotocoagulation following failure of aqueous shunt surgery has been noted to have 78% success (7 of 9 eyes) after mean follow-up of 30 months in childhood glaucoma, with cataract formation and retinal detachment noted in one eye each. 23 The purpose of this study was to determine whether sequential tube shunt or diode cyclophotocoagulation is superior following an initial failed tube shunt in childhood glaucoma.
Methods
All patients enrolled in this nonrandomized, retrospective study were 18 years old or less, failed an initial tube shunt, and then were treated with either sequential tube shunt (Group A) or a cyclophotocoagulation procedure (Group B) between the years 1999 to 2006. The Human Investigation Committee at Emory University approved this study, which conformed to the United States Health Insurance Portability and Privacy Act.
For the purposes of this study, failure of the initial tube shunt was based on inability to adequately control the intraocular pressure (IOP) on maximally tolerated medical therapy. There was no evidence of blockage of the tube by iris, fibrin or vitreous, and a clinically apparent bleb over the implant was present. Given that the tube-shunt procedure was still apparently functioning and outflow was likely reduced by progressive fibrosis of the bleb capsule, revision of the original shunt was not attempted in the belief that the success rate would be low. 16 Initially, a sequential tube shunt was considered the next favored step in the treatment algorithm, prior to consideration of a cyclophotocoagulation procedure. However, the outcomes of the sequential tube shunt procedures were frequently not ideal (need for multiple medications and a complication rate that was higher than with the initial tube shunt), leading to more frequent consideration of cyclophotocoagulation prior to a sequential tube shunt. For that reason, the sequential tube shunt (Group A) had a longer follow-up or time-to-failure interval as compared to the cyclophotocoagulation arm (Group B) ( Table 1 ). The surgical technique for the Ahmed S2 (New World Medical, Rancho Cucamonga, CA) and Baerveldt® implants (Advanced Medical Optics, Santa Ana, CA) has previously been described. [10] [11] [12] The decision between a Baerveldt® versus an Ahmed implant was based on individual ocular factors such as adequate space in another quadrant to place the implant, size of the eye, and prior ocular surgeries.
The tube was placed in the anterior chamber in all cases, except for the Ahmed B4 implant. The Ahmed B4 implant (unvalved implant with surface area of 180 mm 2 ) was placed into the superior nasal quadrant, using an Ahmed tube extender TE (New World Medical, Rancho Cucamonga, CA) to place the tube into the existing superior temporal bleb of the previously placed implant, and ligation of the tube extender with a 6-0 polyglactin suture. The Ahmed B4 implant was used in the case of a monocular patient with a corneal transplant to avoid the potential effect of a second tube on the function of the graft.
In the transscleral diode cyclophotocoagulation treatment arm (Group B), an OcuLight SLx diode laser (Iris Medical Instruments, Mountain View, CA) with an Iris G-probe (Iris Medical Instruments, Mountain View, CA) was used. Power ranged from 1000-1500 mW with a duration time of 3000-4000 ms, treating 180° to 270°. The probe was placed at the limbus with adjustment of treatment parameters based on the occurrence of "pops" with the Iris-G probe (adjustment downward on power for consecutive "pops"). 24 Success was defined as an IOP ≤22 mm Hg on medical therapy, no visually devastating complications, and no further glaucoma surgery being performed or recommended. Intraocular pressure was assessed in the operating room at initial induction of general anesthesia with pneumatonometry (Reichert, Depew, NY) or by applanation tonometry in the clinic (hand-held or slit lamp depending on the age and cooperation of the patient. Preoperative and postoperative information evaluated were patient age, type of glaucoma, type of tube shunt utilized for the initial surgery, visual acuity, IOP, medications, follow-up interval, and complications. Curves showing the cumulative probability of success versus time were determined using the productlimit method. The time to failure was compared in the two groups using the log rank test. An unpaired t-test was used to compare preoperative to postoperative IOP reduction.
Results
Seventeen eyes of 14 patients with pediatric glaucoma were included in this nonrandomized, retrospective study. In Group A, 8 eyes of 6 patients (average age 73.1 months; range, 12-205 months) had a sequential tube shunt and in Group B, 9 eyes of 8 patients (average age 74 months; range, 12-184 months) had diode CPC as a secondary procedure (Table 1) . In Group A, 8 tube shunts were performed on 8 eyes of 6 patients using 4 Ahmed model S2, 1 Ahmed model B4, and 3 Baerveldt® BG-101-350. In Group B, a total of 9 diode laser cyclophotocoagulation procedures were performed on 9 eyes of 8 patients with an average of 17.4 applications (range, 14-22) over 180° to 270°. The amount of treatment with the laser was influenced by the one case of phthisis which received 22 applications over 270° (patient 8 OS). Subsequent treatments were 14-16 applications over 180°-210°.
The average follow-up or time to failure of Group A was 26.3 months (range, 13-42 months) and 19.8 months (range, 5-53 months) in Group B. Initial diagnoses were similar in the two groups: 7 eyes with congenital glaucoma, 2 eyes with glaucoma associated with aphakia, three eyes with glaucoma associated with anterior segment anomalies, and 1 eye each with traumatic glaucoma and Lowe syndrome (Tables 1). One of 8 (12.5%) eyes was phakic in Group A, and 5 of 9 eyes (55.6%) were phakic in Group B.
Cumulative probability of success in Group A was 75% at 12 months and 62.5% at 24 months, as compared to 66.7% for both 12 month and 24 month intervals in Group B (p = 0.48) ( Figure  1 ). Average IOP in the tube shunt group (Group A) was 32.3 ± 6.8 mm Hg prior and 19.6 ± 8.8 mm Hg at last follow-up or time of failure. Average IOP reduction in Group A was 12.8 mm Hg (p = 0.009). Mean number of medications did not change from 2.9 (range, 2 to 4) preoperative to 2.9 (range, 0 to 4) postoperative in this group. Average IOP in the cyclophotocoagulation group (Group B) before surgery was 31.7 ± 4.7 mm Hg and it was 19.8 ± 10.1 mm Hg at last follow-up or time of failure, or 22.5 ± 8.2 mm Hg (censoring the one case of phthisis with an IOP of zero). Average IOP reduction was 11.9 mm Hg (p = 0.008), or 9.9 mm Hg (p = 0.01) censoring the one case of phthisis. The mean number of medications in Group B decreased from 3.4 (range, 3 to 4) to 2.8 (range, 0 to 4) ( Table 1) .
In Group A, preoperative visual acuity could be obtained in 4 eyes of 3 patients (remaining 4 eyes of 3 patients were either too young or developmental delay precluded standardized vision testing). Visual acuity worsened in 3 of the 4 eyes (75%) due to one case each of corneal decompensation, retinal detachment, and cataract formation. In Group B preoperative vision could be obtained in 5 eyes of 5 patients (remaining 4 eyes of 3 patients could not be obtained due to age or developmental issues). Visual acuity worsened in 1 eye (count fingers to no light perception due to phthisis), was unchanged in 3 eyes, and improved in 1 eye, compared to preoperative acuity. One eye from each group progressed to no light perception (retinal detachment and phthisis) ( Table 1) .
Corneal decompensation or graft failure was noted in 3/8 eyes (37.5%) in Group A. Cataract surgery was performed in 2/5 phakic eyes (40%) of Group B, while the only phakic patient in Group A was noted to have cataract formation (Table 2 ). Surgical revision of the tube shunt was required in 2/8 eyes (25%) in Group A, one case for tube repositioning and one case for bleb failure. No strabismus complications were noted in either group.
Discussion
The use of tube shunt surgery for childhood glaucoma has provided greater success than previous surgical approaches to this group of diseases, and may be the most predictable and safest surgery after angle surgery has failed. 25 Well-known complications are associated with tube shunt surgery in children, including tube malposition or extrusion, tube/implant exposure, corneal decompensation, and endophthalmitis. 4, [10] [11] [12] 26 As with any glaucoma surgery, failure rates of tube shunt surgery increase with length of follow-up, 28 with no standard approach to the next step in treatment. The decision to perform another surgery in a child who may have had multiple prior ocular surgeries is difficult. The surgical options from which to choose include a sequential tube shunt, revision or replacement of the existing tube shunt, and cyclodestruction (external or endoscopic approaches).
This study was designed to evaluate if either a sequential tube shunt or diode cyclophotocoagulation, following failure of an initial tube shunt procedure, offers an advantage in terms of IOP control, visual acuity, number of medications, and complication rate. Surgical revision of the tube shunt was not attempted as the tube showed no evidence of blockage and a clinically apparent bleb was present over the plate of the device. Adult studies of revision of a tube shunt for bleb encapsulation have noted low success rates of 25%-42%. 13, 15 Revision of tube shunts due to tube malposition, extrusion, or a flat bleb over the implant have demonstrated higher success rates. [15] [16] Placement of a sequential tube shunt in adult patients has demonstrated success rates of 62%-63% at two years of follow-up, with corneal edema a common complication. 13, 14, 27 Our study noted a success rate of 62.5% at 24 months, and corneal decompensation or graft failure was noted in 3/8 eyes (37.5%).
Cyclodestruction is generally regarded as a treatment of last resort, due to low success rates, vision loss, phthisis, chronic inflammation, and reports of sympathetic ophthalmia. [17] [18] [19] 22, 29 With the advent of external and internal laser approaches, cyclocryotherapy has been replaced by transscleral diode cyclophotocoagulation and endoscopic cyclophotocoagulation. Pediatric studies of transscleral diode cyclophotocoagulation have noted success rates of 37%-75%, but with frequent need for re-treatment. [17] [18] [19] 22 Endoscopic cyclophotocoagulation has reduced the energy required to perform the procedure, with the advantage of direct visualization of the ciliary processes in cases with corneal opacities. 30 However, success rates with endocyclophotocoagulation have been similar to transscleral diode cyclophotocoagulation, with single treatment success rates of 34%-38% noted with endocylophotocoagulation. [20] [21] Our study found similar success rates for sequential tube shunt surgery as compared to diode laser cyclophotocoagulation, following failure of an initial tube shunt surgery in childhood glaucoma. Different complications were noted in the two groups, with corneal decompensation or graft failure noted in 37.5% of the sequential tube shunt patients, and 40% of phakic patients requiring cataract surgery in the CPC group. Limitations of the study include a low statistical power to determine whether the two groups are actually equivalent, as well as the nonrandomized, retrospective nature of this study. Visual acuity data was too limited to make a meaningful comparison between the two groups.
Based on the findings in this study, intervention should be tailored according to the individual patient with specific attention to the number of prior surgeries, anatomy and visual prognosis. With the long potential lifespan of the pediatric glaucoma patient, pursuing other surgical options and holding cyclodestruction in reserve is a reasonable option. Further study of the surgical treatment of pediatric patients who fail tube shunt surgery is needed to better delineate the risks and benefits. The vision loss noted in this study with either procedure highlights the need for careful consideration and consent prior to proceeding with another surgical intervention for refractory pediatric glaucoma. Cumulative probability of success of Group A sequential tube shunt (dashed line) compared to Group B cyclophotocoagulation (solid line). The x-axis shows months of follow-up. 
